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摘要: 本研究以大黄鱼(Larimichthys crocea)肝脏为研究对象, 采用比较蛋白质组学技术分析大黄鱼免
疫保护后蛋白表达水平的变化。结果发现, 对照组和免疫保护组中共有 20 个表达水平差异显著的蛋白
点, 经MALDI-TOF-MS分析, 获得 18个差异蛋白点肽质量指纹图谱(peptide mass fingerprint, PMF), 通
过数据库查询, 与免疫型受体、新型抗原受体等蛋白具有高度同源性。在此基础之上, 进一步选取 4
个蛋白差异点(1、10、14 和 18 号)进行 Westen blot 验证。结果表明, 该 4 个蛋白差异点可以与所制备
的抗体发生特异性的结合, 且变化趋势与蛋白质组学分析结果一致。由此推测, 免疫型受体等 18 个蛋
白应该与大黄鱼免疫保护密切相关, 所获研究结果为揭示大黄鱼免疫保护机理奠定了良好的基础。  
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???[1]????, ??????????????
????????????????, ??????
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??????????????????????
???????, ????????? 
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1  材料与方法 
1.1  大黄鱼养殖与人工感染 
???????????, ?????????
???????????????????????
???????, ??????(250 g/?)????
??????? 40 ???????, ??????
???????? 20??????????? 1 m× 
1 m×1.5m?????, ?????????????
???????? 26.1~27.6℃, pH? 7.95~8.12?  
?????? 0.5%???? 4℃??????
??????????????????????
?[15]????????????????, ????
???????????????????, ??
????? 3 ???, ????????????
? 14 d, ????????????? 10 d, ???
?????? 7 d???? 3?????(?????
(Vibrio parahaemolyticus)???????(Aeromonas 
hydrophila)??????(V. alginolyticus))????
??, 3??????? 2?109 cfu/mL, 0.2 mL/??
????????? 3 ????????????, 
??? 3????????????? 
1.2  样品收集处理 
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17 ??????????????, ??????
????????(?????????????)?
19 ??????????????????????
???????????????????: 8.0 mol/L
??, 1% Triton X-100, 2.0 mol/L??, 0.125%SDS, 
4%β-????, Tris??? 40 mmol/L, 1%????
??????????: ????????? 100 mg
???????, ???? 1︰4 ???????, 
???????, ???????, ?????, 4℃
10 000 g?? 20 min?????????????
?????????????? 
1.3  双向电泳 
?????????????????, ??
? 10 μL???????????????????
????, pH?? 3.5~10, ????? 200 V, 15 min; 
300 V, 30 min; 400 V, 60 min??????? 400 V, 
18 h????????????????, ????
???????????????(sodium dodecyl 
sulfate polyacrylamide gel electrophoresis, SDS-PAGE)
?????, ?????? 13%, ?????? 120 V?
??????????????????????
??????????????????????
????? 1%?????? R-250 ????, ??
?-????????????, ????????
?? Melanie???????? 
1.4  差异点 PMF 分析和数据库检索 
????????????????????
??(matrix-assisted laser desorption ionization time- 
of-flight mass spectrometry, MALDI-TOF-MS)???
??????(peptide mass fingerprint, PMF)???
??????????? ReFlexTM III MALDI-TOF
???????, ??????????????
????????[16]? 
????(http://www.expasy.org/tools /peptident. 
Html)????? PMF?????????????
?????: PMF?????????? 800~3 500, 
?? PI???? 2, ??Mw?????? 30%, ?
???????????????? 100×106, ??
????? 1 ????????, ???????
???? 4, ????[M+H]+? monoisotopic, ??
???? other Vertebrata, ????? Swiss-Prot 
and TrEMBL, ???????????? 
1.5  差异点抗体制备和 Western-blot 分析 
?? 1??10??14??18????????
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???, ???︰??? =1︰3, v/v)??, ???
??????, ????? 2 min????????
???, ??? 0.2 mL/?????????? 3?
????, ????????? 5 d???????
???? 
Western blot???????????????
????????????????? SDS-PAGE 
(??????? 5%, ????? 13%; ?????
80 V, ????? 120 V)?, ???? PVDF?, ?
????????(1︰200, ???? 2 h)????
?? IgG-HRP(?? SouthernBiotech, 1︰500, ??
?? 1 h)??, ???????????(Diamino-
benzidine, DAB)????? 
2  结果与分析 
2.1  大黄鱼疫苗保护组与对照组肝脏 2D- 
PAGE 图谱比较分析 
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???????????? 2DE??, ?? 1???
??????????????????????
??? 20?????????????? 1???
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??, 1?2?????????????????
20 ?????, ?????????????: 9, 
11, 14, 17, 19; ?????????????: 1, 4, 
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2, 3, 8, 15? 
2.2  差异点 PMF 分析和数据库检索结果 
?? 1 ??, ? 20 ????????????
?????????????(MALDI-TOF-MS)?
????????(PMF)??, ??? 18 ????
?????????18 ????????????
? PepIdent??? Swiss-Prot and TrEMBL????
???, ???????????????????
????????????????????, ??
??????????? 5 ?(6 ??9 ??12 ?? 
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? 1  ?????????????? 2-DE??????(pH 3.5~10) 
Fig. 1  Comparative analysis of 2-DE maps between control group (above left) and vaccine protection group (above right) in the 
liver of L. crocea (pH 3.5~10) 
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? 2  ????? 2-DE???????(????????, ?????, ???????) 
Fig. 2  Comparative analysis of partial 2-DE maps in the liver of L. crocea (The arrows show the different spots, left as the 
control group and right as the vaccine protection group) 
 
15 ??16 ?), ???? 5 ?(1 ??5 ??8 ??19
??20?), ??? 3?(2??3??10?), ???
???? 2 ?(13 ??18 ?), ???????? 1
?(11?), ???????? 2?(4??14?)? 
2.3  部分差异点的 Western blot 验证结果 
?????????, ??????????
????, ?????? 1??, ????????
? 14 ????????? 10 ?? 18 ???? 18
???????, 1??10??14????????
69.5?48.9? 35.2 kDa(? 1)?4????? Western 
blot?????? 3?????, ? 4??????
?????????????? 3 ???????
????????????????, 4?????
????????????????? 3? 10??
??????? 2 ?????, ????????
??????????? 
3  讨论 
??????????????, ?????
??????, ???????????????
??????, ????????????????
?????????Zhang?[17]?Mako?[18]???
??????????C57BL/6J???????? 
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表 1  大黄鱼肝脏差异点肽质量指纹图谱数据库检索结果 
Tab. 1  Results obtained from the search of different spots PMF in the liver of L. crocea 
????? ?????/? ?????? ?? ??? ???/kDa ???/%
1 11 O42138 ???????(EC 3.4.24.1) 6.14 69.5 19.0 
2 6 Q9DD48 ???????????? 6.50 46.4 16.5 
3 10 Q7ZU28 ?????????????? 5.01 35.9 27.2 
4 7 Q802V2 ???????? 4.40 39.1 30.4 
5 8 Q90XF8 ?????????? B(EC 5.3.1.1) 7.61 26.5 39.3 
6 5 Q9DGF2 ??????/??? ?? ?? 39.1 
8 4 Q7LZQ1 ?????? C(EC 3.2.1.17) 8.77 14.7 38.2 
9 5 Q6TNV4 ???????? TCP1??? 5.22 59.3 16.1 
10 14 Q8JFF3 ?? ?????????? 6.12 48.9 23.7 
11 4 Q8AYK9 鳉? ????????? ZPC3 6.36 40.6 20.9 
12 12 Q9PVE4 ??????????? 6.49 44.3 32.1 
13 5 Q9IAY7 鲀??? ??????? 6.95 36.7 25.2 
14 6 Q7ZVX2 ???????? 7.98 35.2 23.9 
15 8 Q8JIP6 ?????????????? 5.68 32.7 31.5 
16 5 Q90ZZ0 ????????????? 6.42 30.0 25 
18 4 Q8AXI1 ?????????? ?? ?? 44.1 
19 4 P60043 ?????? A2????? 7.53 13.2 30.3 
20 6 P81458 ????? A2 RVV-VD(EC 3.1.1.4) 8.19 13.6 35.5 
 
 
? 3  ?????? Western blot?? 
Fig. 3  Western blot analysis of some different spots 
A. ???; B.?????; C.?? 
A. control group; B. vaccine protection group; C. blank 
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?????? Poly(I︰C)?????, ??????
??????? 30???????? 
????????????????????
????????????????????, ?
? 20???????, ?????MALDI-TOF-MS
?????????????(PMF)?? , ???
?????????? 18????????????
???, 2???????????????????
??, ?? 13???????(????? 36.7 kDa), 
18 ????????????, ?????????
?????????Serena ?[20]?Desai ?[21]??
??????(Dicentrarchus labrax) 鳉?? ?(Oryzias 
Latipes)????????????????, ??
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????????????????Prapruddee?[22]
???(Paralichthys olivaceus)??????????
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????Jacqueline?[23]?????? (I. punctatus)
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???? (I.punctatus)????????????
???????????????(Trypsin)???
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??????????????????????
?????????????????(?????
??????)????????????????
?????????, ????????????
????????????????, ?????
??????????????????????, 
??????????????????????
?, ?????????????????????
?????, ??????? [27]????????
???, ???????????????Carla?[28]
??????(Trypanoplasma borreli)??????
???????????????????, ??
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???????????????, ??????
?????????, ????????????
?? , ?????????????????? , 
??? iNOS ????? NO, ?????????
??????? 
????:  
[1] ???, ???, ???. 2014-2016???????
???????????[J]. ?????? , 2017, 
58(6): 1043-1047. 
Cao Feifei, Zhu Ningyu, Zheng Xiaoye.Suggestions on 
diseases detection and prevention culture large yellow 
croaker in Zhejiang Province by 2014-2016[J]. Journal 
of Zhejiang Agricultural Sciences, 2017, 58(6): 1043- 
1047.  
[2] ??? , ??? , ??? , ? . ???(Larimichthys 
crocea)IL-10 ??????????[J]. ???? , 
2017, 39(4): 50-60. 
Zheng Weibing, Mu Pengfei, Ding Lianshuai, et al. 
Cloning and expression analysis of large yellow croaker 
(Larimichthys rocea) IL-10 gene[J]. Journal of Ocean-
ography, 2017, 39(4): 50-60. 
[3] He J Y, Hui H H, Wu C W. Identification of SCARA3, 
SCARA5 and MARCO of class A scavenger recep-
tor-like family in Pseudosciaena crocea[J]. Fish and 
Shellfish Immunology, 2014, 41(2): 238-249. 
[4] ??, ???, ??, ?. ???????????
???????????????????????
???[J]. ????, 2017, 41(2): 297-310. 
Lu You, Zhou Piaoping, Yuan Ye, et al. Effects of dif-
ferent wheat starch and lipid levels on growth per-
formance, feed utilization and hepatic carbohydrate 
metabolism key enzymes activities in large yellow 
croaker (Larimichthys crocea)[J]. Journal of Fisheries 
of China, 2017, 41(2): 297-310. 
[5] ???, ???, ??, ?. ??????????
????????[J]. ?????? , 2017, 41(2): 
265-276. 
Xing Shujuan, Sun Ruijian, Ma Jun, et al. Effects of 
dietary carbohydrate on growth performance and gly-
cometabolism of large yellow croaker Larimichthys 
crocea[J]. Acta Hydrobiologica Sinica, 2017, 41(2): 
265-276. 
[6] Zheng J L, Zhu Q L, Shen B, et al. Effects of starvation 
on lipid accumulation and antioxidant response in the 
right and left lobes of liver in large yellow croaker 
Pseudosciaena crocea[J]. Ecological Indicators, 2016, 
66: 269-274. 
[7] ???, ???, ???, ?. ?????????
??????????????[J]. ????, 2016, 
35(3): 204-209. 
  Marine Sciences / Vol. 42, No. 3 / 2018 29 
Huang Weiqing, Han Kunhuang, Chen Shixi, et al. Re-
alized heritability and growth of offsprings of wild 
large yellow croaker Pseudosciaena crocea[J]. Fisher-
ies Science, 2016, 35(3): 204-209. 
[8] ???, ???, ???. ???????????
???????????? [J]. ???? , 2012, 
36(10): 48-53. 
Yang Qilian, Yao Cuiluan, Wang Zhiyong. Comparasion 
of some immune parameters between different strains 
of large yellow croaker (Larimichthys crocea)[J]. Marine 
Sciences, 2012, 36(10): 48-53.  
[9] ??? . ????????? F1? F2?????
?[J]. ????, 2015, 32(1): 38-42. 
Liu Zhaokun.Comparison of growth in generations F1 
and F2 of large yellow croaker Larimichthys crocea bred 
seletively[J]. Fisheries Science, 2015, 32(1): 38-42. 
[10] ???, ??, ??, ?. ???(Pseudosciaena crocea)
?????????????????????[J]. 
?????, 2017, 48(1): 139-147. 
Li Zhongqin, Zhang Kun, Lin Mao, et al. Isolation and 
identification of pathogenic Aeromonas veronii from 
Pseudosciaena crocea[J]. Oceanology Et Limnology 
Sinica, 2017, 48(1): 139-147. 
[11] ???, ???, ???, ?. ?????????
????[J]. ????, 2004, 28(2): 5-7, 80. 
Liu Jiafu, Yu Zuojian, Lin Yongtian, et al. Studies on 
the Pseudomonas disease of large yellow croaker[J]. 
Maine Sciences, 2004, 28(2): 5-7, 80. 
[12] Myron A Z, Fei C J, Dustin M E, et al. Imaging flow 
cytometry and GST pulldown assays provide new in-
sights into Channel catfish leukocyte immune-type re-
ceptor-mediated phagocytic pathways[J]. Developmen-
tal and Comparative Immunology, 2017, 67: 126-138. 
[13] ???, ???, ???, ?. ?????????
????????????????[J]. ????, 
2005, 24(6): 19-23. 
Zhang Yueling, Zhuo Yiming, Zhu Yongfei, et al. 
Identification of two types of main differential protein-
sin the hepatopancreas in whiteleg shrimp Litopenaeus 
vannamei infected by pathogenic bacteria Vibrio algi-
nolyticus[J]. Fisheries Science, 2005, 24(6): 19-23. 
[14] ???, ??, ??, ?. ???????????
?????????? [J]. ?????? , 2017, 
41(5): 1042-1047. 
Li Changping, Huang He, Wang Fan, et al. Agglutinative 
and antibacterial activity of the peptides hydrolyzed 
from Litopenaeus vannamei hemocyanin with trypsin[J]. 
Acta Hydrobiologica Sinica, 2017, 41(5): 1042-1047.                                    
[15] ???, ???. ???????????????
?????????[J]. ??????(?????), 
2004, 43(1): 115-118. 
Wu Zhipeng, Wang Sanying. Experimental study on 
immune protection of trivalent vaccine to common 
bacterial diseases of Pseudosciaena crocea[J]. Journal 
of Xiamen University(Natural Science), 2004, 43(1): 
115-118. 
[16] ???, ???. ?????????????[J]. 
??????(?????), 2012, 51(1): 121-124. 
Wu Zhipeng, Wang Sanying. Analysis of the antidisease 
protien in Pseudosciaena crocea serum[J]. Journal of 
Xiamen University (Natural Science), 2012, 51(1): 121-124. 
[17] Zhang Y, Fang C, Bao H, et al. Nuclear proteome pro-
file of C57BL/6J mouse liver[J]. Sci China Life Sci, 
2013, 56: 513-523. 
[18] Mako Y, Mamoru S, Masanori S, et al. Combined pro-
teomic analysis of liver tissue and serum in chronically 
alcohol-fed rats[J]. Alcohol Clin Exp Res, 2013, 37(s1): 
79-87. 
[19] ??. Poly(I: C)????????????????
????????????????? [D]. ?? : 
????????????, 2008: 28-45. 
Wan Xiang. Proteomics for liver of Pseudosciaena cro-
cea induced by Poly(I: C) and identification of two 
immune genes[D]. Xiamen: the third Marine institute of 
the state oceanic administration, 2008: 28-45. 
[20] Serena F, Heiner K, Massimo M, et al. Identification 
and characterisation of a novel immune-type receptor 
(NITR) gene cluster in the European sea bass, Dicen-
trarchus labrax, reveals recurrent gene expansion and 
diversification by positive selection[J]. Immunogenetics, 
2009, 61(11-12): 773-788. 
[21] Desai S, Heffelfinger A K, Orcutt T M, et al. The medaka 
novel immune-type receptor (NITR) gene clusters reveal 
an extraordinary degree of divergence in variable do-
mains[J]. BMC Evolutionary Biology, 2008, 8: 177. 
[22] Prapruddee P, Hidehiro K, Ikuo H, et al. A novel im-
mune-type receptor of Japanese flounder (Paralichthys 
olivaceus) is expressed in both T and B lymphocytes[J]. 
Fish and Shellfish Immunology, 2007, 22(5): 467-476. 
[23] Jacqueline M, Karlijn V, Benjamin C S, et al. Stimula-
tory catfish leukocyte immune-type receptors (IpLITRs) 
demonstrate a unique ability to associate with adaptor 
signaling proteins and participate in the formation of 
homo-and heterodimers[J]. Molecular Immunology, 2009, 
47(2-3): 318-331. 
[24] Benjamin C M, Herman D C, Deborah N B, et al. 
Channel catfish leukocyte immune-type receptor medi-
ated inhibition of cellular cytotoxicity is facilitated by 
SHP-1-dependent and -independent mechanisms[J]. 
Developmental and Comparative Immunology, 2012, 
37(1): 151-163. 
[25] Meng F Q, Wang R X, Xu T J. Identification of 21 
 30 ????  / 2018?  / ? 42?  / ? 3? 
novel immune-type receptors in miiuy croaker and ex-
pression pattern of three typical inhibitory members[J]. 
Developmental and Comparative Immunology, 2014, 
45(2): 269-277. 
[26] Dustin M E, Joshua G P, James L S. Trypsin differen-
tially modulates the surface expression and function of 
channel catfish leukocyte immune-type receptors[J]. 
Developmental and Comparative Immunology, 2016, 
65: 231-244. 
[27] Zuniga-Pfluker J C. Introduction: antigen receptors 
during lymphocyte development[J]. Seminars in Im-
munology, 2002, 14(5): 295-296. 
[28] Carla M S, Bird S, Raes G, et al. A novel soluble im-
mune-type receptor (SITR) in teleost fish: carp SITR is 
involved in the nitric oxide-mediated response to a 
protozoan parasite[J]. PLOS One, 2011(1): e15986. 
 
Identification of immunoprotection proteins in the liver tissue 
of Larimichthys crocea 
WU Zhi-peng1, WANG San-ying2, ZHANG Yue-ling3 
(1. Basic Medical Department of Putian University, Putian 351100, China; 2. School of Life Sciences, Xiamen 
University, Xiamen 361005, China; 3. Department of Biology, Shantou University, Shantou 515063, China) 
Received: Dec. 18, 2017 
Key words: Larimichthys crocea; liver tissue; comparative proteomics; immunoprotection; immune-type receptor 
 
Abstract: This study investigated the functional proteins associated with immune protection in the liver of 
Larimichthys crocea using the comparative proteomic approach. A total of 20 different spots were identified be-
tween the vaccine protection group and the control group. These different spots were analyzed by peptide mass fin-
gerprinting through MALDI-TOF-MS. They were found to be highly homologous with proteins such as im-
mune-type receptor and novel antigen receptor among the identified peptides of 18 different spots, of which four 
protein spots (1, 10, 14, and 18) were further verified by western blotting. The results showed that they could be 
combined with specific antibodies, and the variation amplitudes were consistent with the results of proteomic 
analysis. Therefore, the identified peptides of the 18 different spots, such as the immune-type receptor, might be 
closely associated with the immune protection of L. crocea. Overall, the results of this study had laid a good foun-
dation for understanding the mechanism of immune protection in L. crocea. 
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